Abstract. Between April 1998 and June 1999, 8 palm vipers (Bothriechis marchi) were diagnosed with a disease similar to inclusion body disease (IBD) of boids. Six palm vipers were captive bred, and 2 were wild caught. All of the vipers were adults at the time of death. Three palm vipers were found dead with no premonitory clinical signs, and 5 had anorexia plus possibly 1 of the following clinical signs: regurgitation, paresis, and dehydration. Histologically, all snakes had intracytoplasmic, round to oval, single to multiple eosinophilic inclusion bodies in hepatocytes and renal tubular epithelial cells. Inclusion bodies were distributed among other organs with varying frequency. Common concurrent histologic lesions were urate nephrosis, septic thrombi, and hepatocellular degeneration. Ultrastructurally, inclusions had features similar to inclusions in boid snakes with IBD.
Inclusion body disease (IBD) is a debilitating condition of boid snakes that has caused extensive morbidity and mortality in collections of boas and pythons from around the world. [1] [2] [3] 5, 8 Regurgitation, incoordination, disorientation, and paresis are frequent clinical signs in boid snakes with IBD. Ultimately, the disease is usually fatal, with most affected snakes being euthanized. IBD is characterized histologically by the formation of intracytoplasmic inclusion bodies in visceral epithelial cells and neurons. 8 Electron microscopic examination of inclusions in infected tissues reveals viral particles with morphologic features similar to those of C-type retroviral particles. 8 A virus has been isolated from a boa constrictor (Boa constrictor) with IBD that has reverse transcriptase activity and electron microscopic features of viruses in the family Retroviridae. 4 This report includes a description of a disease resembling IBD in 8 captive palm vipers (Bothriechis marchi).
Between April 1998 and June 1999, 8 palm vipers were submitted to Northwest ZooPath (Snohomish, WA) for pathologic study (Table 1 ). The palm vipers came from 4 different zoological parks within the United States. Six vipers were captive bred, and 2 were wild caught. Three of the snakes were male, and 4 were female (the gender of 1 viper was undetermined). All vipers were adults at the time of death.
Three palm vipers were found dead in their enclosure without any premonitory clinical signs. The other 5 vipers were anorexic, and individuals had additional clinical signs of regurgitation, paresis, and dehydration. Two vipers were euthanized because of their clinical signs, and the remaining 6 died unexpectedly.
Necropsies revealed that the kidneys of 2 palm vipers contained many pinpoint, chalky white deposits on the capsular surface and, on section, throughout the parenchyma. Similar white deposits were present on the pericardium of 1 snake and the capsular surface of the liver of another snake. One snake had thickening and hardening of the aorta. The lungs from 2 of the snakes were dark red and wet. Five of the snakes had no gross lesions.
Tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5.0 m, and stained with hematoxylin and eosin (HE). Sections of oviduct, lung, trachea, liver, and kidney from 1 snake (No. 3) were additionally stained with Gomori trichrome stain, Giemsa, toluidine blue, periodic acid-Schiff (PAS), and Kinyoun acid-fast stain according to previously published protocols. 6, 9 Histologically, all palm vipers had intracytoplasmic, round to oval, single to multiple, 1-5-m eosinophilic inclusion bodies in epithelial cells of multiple organs ( Table 2 ). All snakes had inclusion bodies within hepatocytes and renal tubular epithelial cells (Fig. 1) . Most snakes had inclusion bodies in biliary ductal (Fig. 2) , respiratory, and gastric mucosal epithelial cells. Epithelial cells within the pancreas, esophagus, intestine, thyroid gland, epididymis, oviduct, and adrenal gland were less frequent sites for inclusion bodies. In a few snakes, inclusion bodies also were noted within striated myofibers, smooth myofibers (Fig. 3) , glomerular mesangial cells, myenteric ganglia, and thymic and splenic lymphoid cells. Inclusions stained red with trichrome, blue with toluidine blue, and light red to magenta with Giemsa but did not stain with PAS and Kinyoun acid-fast stain.
All palm vipers with IBD had concurrent histologic lesions. The kidneys from 5 snakes had multifocal degeneration and necrosis of the renal tubular epithelium admixed with urate deposits, few heterophils, and epithelioid macrophages (gouty tophi). Intravascular septic and fibrin thrombi were observed in multiple organs of 5 snakes. The livers from 5 snakes had diffuse vacuolar degeneration of hepatocytes (Fig. 4) . Three snakes had systemic granulomatous disease. There were granulomas in the skin and thyroid gland of 1 snake. One snake had granulomas in the stomach and intestine, and another had granulomas in the lung and heart. Acid-fast bacilli were not evident by Kinyoun acidfast stain in any granuloma. Other less frequent histologic lesions consisted of biliary ductal hyperplasia, hepatitis, gastroenteritis, aortic mineralization, and interstitial pneumonia.
For transmission electron microscopy, liver samples fixed in 10% neutral buffered formalin was transferred into modified Karnovsky fixative, washed with sodium cacodylate, and postfixed in unbuffered 2% osmium tetroxide reduced by 2.5% potassium ferrocyanide. Sections of liver were then dehydrated through a graded ethanol series, soaked in propylene oxide, infiltrated with epoxy resin, a sectioned at 70 nm, stained with 6% methanolic uranyl acetate and lead citrate, and examined with a transmission electron microscope. b Transmission electron microscopy revealed non-membranebound intracytoplasmic inclusions composed of electrondense, globular to laminated material and several 59-69-nm enveloped, electron-dense virus-like particles within and budding from the periphery of the inclusions (Fig. 5) .
Clinically, the IBD in these palm vipers was similar to IBD in boa constrictors. Prolonged anorexia of several weeks to months duration was the most common clinical sign in the palm vipers, and 1 had a clinical history of periodic regurgitation. Chronic anorexia and regurgitation are common clinical signs in boa constrictors with IBD. 8 Central nervous system disease is a feature of IBD in boid snakes that is more pronounced in Burmese pythons (Python molurus bivittatus) than in boa constrictors. 9 One palm viper had loss of motor function in the posterior half of the body, which is a clinical sign often described in pythons with IBD.
Histologically, the inclusions in the vipers were identical to those in boid snakes with IBD. Inclusions in both boa constrictors and these palm vipers stained methylene blue positive and did not stain with PAS and acid-fast stain. The distribution of inclusions was similar to that in boid snakes with IBD. In boa constrictors with IBD, liver, kidney, and pancreas were common sites for inclusion bodies, 8 and liver and kidney were the most common sites for inclusion bodies in the vipers. Four palm vipers with IBD had inclusion bodies in striated myofibers. Fewer inclusion bodies were noted in pancreatic cells in the vipers than in boid snakes with IBD. Another difference was the presence of inclusion bodies in smooth myofibers and oviductal and epididymal epithelial cells of a few palm vipers with IBD, which are sites not previously reported in boid snakes with IBD.
Thymus from boid snakes with IBD can be atrophied, and remaining thymocytes and thymic epithelial cells may contain inclusion bodies. 9 Thymus was examined from only 1 viper with IBD, and histologically it was atrophic and had inclusion bodies in few remaining thymic lymphoid cells. Splenopancreas was examined from 1 viper and had moderate lymphoid depletion with few inclusion bodies within remaining lymphocytes. IBD may have an immunosuppressive component due to the systemic damage to lymphoid tissues, predisposing snakes to bacterial infection. Secondary bacterial infections are common in boid snakes with IBD, 7 and 5 vipers with IBD had histologic evidence of septicemia.
Tubular necrosis associated with urate deposits was a common histologic finding in palm vipers with IBD. In all Both boas and pythons with IBD can have nonsuppurative meningioencephalitis with neuronal degeneration, gliosis, and demyelinization. 8 The inflammation is more pronounced in Burmese pythons, but boa constrictors have more inclusion bodies in nervous tissue. 8 Brain and spinal cord were not examined from any of the palm vipers with IBD. However, few intracytoplasmic inclusion bodies were observed in cells of myenteric ganglia in 3 vipers.
The exact nature of the inclusion bodies of IBD is still unknown. Transmission electron microscopic examination of inclusions in palm vipers with IBD revealed non-membranebound, electron-dense inclusions of various sizes that were associated sometimes with small electron-dense particles that had morphologic features of viruses of the family Retroviridae. Similar transmission electron microscopic findings have been reported in boid snakes with IBD. 4, 8 The source of IBD in these palm vipers was undetermined but was apparently located at a single zoological park. Zoo A began a breeding program for palm vipers with 2 wildcaught females and 1 wild-caught male. One of the wildcaught females was later loaned to zoo C, where it subsequently died with IBD. The remaining wild-caught female died with IBD at zoo A. The original wild-caught male has since died but was lost to follow-up necropsy. In addition, 4 palm vipers born at zoo A and later transferred to zoo B were diagnosed with IBD. The remaining 2 palm vipers with IBD were born at and loaned from zoo B, which had received and bred palm vipers from zoo A. In total, 6 palm vipers with IBD were born in captivity (4 from zoo A and 2 from zoo B), and the 2 remaining vipers with IBD were wild caught.
All palm vipers with IBD either originated from zoo A or were offspring of vipers originally from zoo A. The IBD in the captive-born vipers may have been vertically transmitted either as an infectious agent (i.e., retrovirus), genetic mutation, or both through breeding encounters with unsuspected carriers of IBD. The 2 wild-caught female palm vipers with IBD introduced at zoo A appear to have been asymptomatic carriers of the disease initially and later died with IBD.
Contact between palm vipers varied at each zoological park. At 1 zoo, palm vipers were housed together, and at another institution, they were only brought together during breeding encounters. A third institution that received palm vipers on loan housed them with other snakes. Horizontal transmission of a possible retrovirus could have also occurred at any of the facilities housing these palm vipers.
One zoological park with IBD in the palm viper collection had a history of occasional problems with the snake mite (Ophionyssus natricis), an infestation previously reported in collections of boid snakes with IBD. 4 Recently, a king snake (Lampropeltis getulus) housed with boa constrictors was diagnosed with IBD (E.R.J. acetson, personal observation). Boids and palm vipers were housed in separate buildings at zoo A, and there was no history of IBD in boids at zoo A. Only 1 zoological park with palm vipers had a history of IBD in annulated boas (Corallus annulatus), but no contact between palm vipers and these boas was reported.
The clinical data, histopathology, and transmission electron microscopy results are very similar for the IBD in palm vipers and the IBD of boid snakes; these two diseases may be caused by the same agent. Because the exact mode of transmission of IBD is still unknown, caution should be taken when breeding and maintaining palm vipers in the same facility. Hepatic and renal biopsies may be possible ancillary tests to screen for IBD in palm vipers. More investigative work is needed to better define this disease in palm vipers, including attempts at possible virus isolation and transmission studies.
